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0 $\leq q,p,\leq 1$





2 cite: $\mathrm{A}\mathrm{Y}_{\text{ }}$
$(_{\sim}\rho, q)$
$\xi=\cdots\xi_{-2}\xi_{-1}\xi$0. $\xi$ 1 $\xi$2..
$\mathrm{H}$
$\xi_{k}\in 0,1$
$q= \sum_{k_{-}^{-}1}^{\infty}\xi_{k}$2-k, $p=. \sum_{k=0}^{\infty}\xi_{-k}$2-A-1






$q=q0= \sum_{k=1}^{\infty}\xi$ k2-k $\mathrm{g}$
D
cite: BV
$\hat{U}$ $\hat{V}$ D $\hat{U}$
:
$\hat{U}\hat{V}=’\hat{\nabla}\hat{U}$ ,
\epsilon =exp(2\pi i/D) $\hat{U}$ $\hat{V}$
$\hat{U}$ =e2\pi i , $\hat{V}=e^{2\pi}ji$’
2\pi h=1/D .
$\hat{q}$ $\hat{p}$ cite: Sar
$qj=(i+ \frac{1}{2})$/D, $j=0,$ $\ldots,D$ -l, $pk=(k+ \frac{1}{2})$/D, $k=0,$ $\ldots,D$ -l
D $N$ qubits D=2N
D $=2^{N}$ $N$ qubits
$|q_{j}\rangle=|\xi_{1}\rangle\otimes|\xi_{2}\rangle\otimes\otimes\cdots\cdots=\otimes|\acute{\zeta}_{N}\rangle$ , fl
$.i= \sum_{/=1}^{N}\xi$ /2’V-/, $\xi_{/}\in$ {0,1},
qubit
$|0\rangle=(\begin{array}{l}\mathrm{l}0\end{array}),$ $|1\rangle=(\begin{array}{l}0\mathrm{l}\end{array})$
$\text{ }q_{j}$ 2 $qj=0.\xi_{1}\xi_{2}\ldots\xi$Nl




: $F|q_{k}\rangle$ $=$ k $\rangle$ .
$|.\xi_{n+1}\ldots\xi_{\mathit{4}\mathrm{v}}\xi,$




$\otimes$ $(|0)+e2$” $j(0.\xi_{1}1)|$ 1 $\rangle$ )
$\otimes$ $(|0)$ $+e2$” $i$ (0 $.\xi$2 $\xi$ 1D $|$ l $\rangle$ )
$\otimes\cdot$ ..
$\otimes(|0\rangle+e^{2\pi}(0.\xi_{n}\ldots\xi_{\mathrm{t}}1)|j1\rangle)$, fl
$1\leq n\leq N-1$ n ,
(ref: $\mathrm{p}\mathrm{f}$) : $1/2^{N}$-n
q $=0.\xi_{n+1}\ldots\xi$Nl $1/2^{\mathrm{n}}$
$p=0.\sigma$tn... $\xi_{1}1$




cite: $\mathrm{B}\mathrm{V}_{\mathrm{o}}$ $B_{l}$, q
p $(q,p)=$ ( $0.\xi_{n+1}\ldots\xi$N1,0. $\xi_{n}\ldots\zeta$\Psi 11)
$(q’,p’)=$ ( $0.\xi_{\iota+2}\vee’.$ . . $\xi_{N}1,0$ . $\sigma_{n+1}^{r}\cdots\xi$ 1l)
$n=0$ $B0$ $B0$
\sim cite: $\mathrm{S}\mathrm{S}$ :
$\langle$ $\mathrm{g}^{t}|$ 7i $\eta\rangle$ $= \frac{1-i}{2}\exp$ ( $\frac{\pi}{2}i|\xi_{1}-77N|$ ) $\prod_{k=2}^{N}\delta$ ( $\xi_{k}-$ Tlk-1), fl
$|\xi\rangle$ $=|\xi_{1}\xi_{2}\ldots\xi$ N$\rangle$ , $|\eta\rangle$ $=|\eta_{1}\eta$ 2... $\eta_{N}\rangle$ $\delta(x)$ Kronecker symbol, $\delta(0)=0$ :
\mbox{\boldmath $\delta$}(X)=0,x\neq 0





q ( (ref: cq))











h\rightarrow 0 N\rightarrow 4.1 ($\mathrm{r}\mathrm{e}\mathrm{f}^{\backslash }.\cdot$ cq) h\rightarrow 0
:
$\lim r_{m}^{(N)}=q_{m},m=0,1$ , ...
N\rightarrow
4.1 (ref: cq) cite: IOV
$r_{m}^{(N)}$ m $\text{ }$ $q_{m}$
$q_{m}= \sum_{k=1}^{\infty}$.\mbox{\boldmath $\xi$} +k2-k m $(0\leq m\leq N)$
$q_{m}-r_{\acute{m}}^{(\iota’)}= \sum_{j=N-M+1}^{\infty}$ \mbox{\boldmath $\xi$}m+j2 $\frac{1}{2^{N-m+1}}$ fl
$\mathrm{c}\mathrm{i}\mathrm{t}\ominus$ :IOV
$q_{m}$









$h=$ 1/2N \lambda \lambda =l
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